Background/Purpose: Self-management is crucial to diabetes control. To investigate the effectiveness of self-management in reaching target hemoglobin A1c (HbA1c) level, we conducted a study among Taiwanese adolescents with type 1 diabetes mellitus (DM). Methods: Patients aged 12-20 years with type 1 DM participated in an annual integrated DM care clinic at a medical center in Taiwan. All patients completed a questionnaire that included demographic data and self-efficacy measured by the Perceived Diabetes Self-Management Scale (PDSMS) in February 2008. Laboratory tests were also done at the same visit. The target HbA1c was < 7.0% in accordance with the general standard of the American Diabetes Association for patients with type 1 DM. Logistic regression analysis was used to explore the relationship between age, sex, duration of diabetes, PDSMS score, and HbA1c level. Results: Fifty-two patients were enrolled. The mean age was 16.0 ± 2.4 years, and mean HbA1c level was 8.6 ± 1.6%. Pearson correlation analysis showed a positive correlation between body mass index and preprandial blood sugar level (r = 0.297, p < 0.05). Negative correlations were found between PDSMS scores and duration of diabetes (r = -0.365, p < 0.01) as well as HbA1c level (r = -0.295, p < 0.05). Logistic regression analysis demonstrated that sex and PDSMS scores significantly influenced glycemic control. In multivariate logistic regression analysis, patients with higher PDSMS scores were 1.63 times (95% confidence interval = 1.03-2.59) more likely to reach target diabetes control after adjustment for other variables. Male patients also had a higher probability (odds ratio = 19.80, 95% confidence interval = 1.34-291.93) of reaching target diabetes control. Conclusion: This study demonstrates that adolescents with type 1 DM and higher self-efficacy, especially males, have a higher probability of reaching target diabetes control.
Type 1 diabetes mellitus (DM) is caused by destruction of pancreatic β cells via cell-mediated autoimmunity or other causes. 1 It usually occurs in childhood or adolescence. Patients need regular insulin injection if the diagnosis is confirmed.
Intensive insulin treatment to reach the target glycemic control has been proven to be effective in delaying the progression of diabetic retinopathy, nephropathy and neuropathy in patients with type 1 DM. 2 Among these type 1 DM patients, adolescents usually have poorer adherence to medications and worse metabolic control than preadolescent children. 3 Adolescents are at the developmental stage of struggling for their autonomy. They are more likely to manage their diabetes according to their personal opinion rather than that of their parents. 4 This personal opinion might result in lower adherence to the prescribed treatment regimen and thus worsen their metabolic control. In addition, adolescents have more opportunities than children to adopt avoidance coping behavior when they are facing chronic diseases. Avoidance behavior is known to be significantly associated with poorer adaptation and glycemic control. 3 The above behavior of adolescents makes it necessary to identify factors that lead to good diabetes control, to reduce long-term complications.
Data from The Bureau of National Health Insurance, Taiwan have shown that the annual incidence of type 1 DM among Taiwanese children and adolescents aged < 15 years was 3.75 per 100,000 in 1992-1996, 5 which was lower than that reported in western countries. 6 Consciousness disturbance is often presented as the initial manifestation of life-threatening diabetic ketoacidosis in Taiwanese children and adolescents. 7 Among the factors that affect glycemic control in adolescents, self-efficacy, 8 family involvement, 9 and participation in coping skills training 10 are all highly related to good control of type 1 DM. Selfefficacy is defined as one's confidence to take action to achieve a specific goal. 11 It plays an important role in health behavior among adolescents and children. 12 Furthermore, diabetic patients have better quality of life if they have strong beliefs in their self-efficacy. 13 For patients with type 1 DM, self-efficacy is particularly crucial due to a lot of self-management tasks that they need to perform to control their chronic disease. These tasks include daily insulin injections, self-monitoring of blood glucose, regular exercise, as well as a balanced diet. 14 Adolescents with diabetes are prone to avoidance when given increasing responsibility for the management of their chronic illness, therefore, the factor of self-efficacy is worthy of investigation. This study aimed to elucidate the relationship between self-efficacy and target glycemic control among Taiwanese adolescents with type 1 DM.
Materials and Methods

Study design
We conducted a cross-sectional study to investigate the influence of self-efficacy on the ability of Taiwanese adolescents with type 1 DM to reach target hemoglobin A1c (HbA1c) level.
Study subjects
Our study subjects were recruited from patients aged 12-20 years with type 1 DM from a medical center in Central Taiwan. The Institutional Review Board of Taichung Veterans General Hospital approved this study, and oral informed consent was obtained from all participating subjects. The research was performed when the subjects participated in an annual integrated DM care clinic in February 2008. Subjects without HbA1c data or who had been newly diagnosed with type 1 DM within 12 months were excluded.
Questionnaire
All patients were asked to complete a self-report questionnaire that included basic demographic data and self-efficacy measure by the Perceived Diabetes Self-Management Scale (PDSMS) developed by Wallston et al. 15 The translation and administration of PDSMS were carried out with permission from Dr Kenneth A. Wallstone. All data collected were confidential. The basic data consisted of age, sex, educational level, and experiences of hospitalization or emergency visits related to diabetes in the past year. The PDSMS comprised eight items to measure patients' confidence in managing their glycemic control well (the so-called self-efficacy). The responses to the items were rated on a five-point Likert-type scale, which ranged from 1 (strongly disagree) to 5 (strongly agree). Four of the eight items were reverse-scored because "strongly agree" in these items reflected low perceived competence. The final PDSMS scores ranged from 8 to 40, with higher scores signifying greater confidence in self-managing diabetes. Cronbach's α was 0.834 in the original study, 15 and 0.802 in this study.
Laboratory tests
Preprandial blood sugar, triglyceride and HbA1c levels were checked. HbA1c level was detected using affinity high-performance liquid chromatography (Primus CLC 385; Primus, Kansas City, MO, USA). Blood sugar control was determined by measuring HbA1c data. 16 The Diabetes Control and Complications Trial and the succeeding Epidemiology of Diabetes Interventions and Complications study have suggested that a practical target HbA1c level is ≤ 7%. 17 Besides, the ideal target blood glucose level in children and adolescents is generally the same as for adults. 18 Although the American Diabetes Association has recommended a less strict standard (< 7.5%) for adolescents and young adults aged 13-19 years, it has still emphasized that a goal of < 7% is reasonable if it can be achieved without hypoglycemia. 19 To clarify the connection between self-efficacy and tight glycemic control, we adopted HbA1c < 7% as representing good diabetes control in our study.
Statistical analysis
Statistical analysis was performed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Pearson correlation analysis was performed to evaluate associations between any two of the variables among age, duration of diabetes, preprandial blood sugar level, HbA1c level, triglyceride level, body mass index (BMI), and PDSMS scores. By treating HbA1c level < 7% as a dependent variable, univariate and multivariate logistic regression analyses were performed to examine the relationship between target glycemic control and PDSMS scores after adjustment for age, sex and duration of diabetes. The odds ratio (OR) and 95% confidence interval (CI) were calculated. Statistical significance was set at p < 0.05.
Results
Initially, 77 patients were recruited in this annual follow-up. Among them, 31 were male (40.3%) and 46 were female (59.7%). Twenty-one patients were excluded because their ages were out of our target range of 12-20 years. Two patients were excluded because they had been diagnosed with type 1 DM within the previous year. Another two patients were excluded because of a lack of HbA1c data. Finally, a total of 52 patients were enrolled: 18 male (34.6%) and 34 female (65.4%), with a mean age of 16.0 ± 2.4 years. Their educational levels ranged from junior high school (n = 26; 50%) to senior high school/vocational high school (n = 13; 25%), and university (n = 13; 25%). The average duration of diabetes was 7.9 ± 4.3 years, and the mean HbA1c level was 8.6 ± 1.6%. Seven patients (13.5%) were noted to reach the target HbA1c level of < 7%. All patients injected insulin by themselves, and six patients (11.5%) were admitted to a hospital or emergency department owing to acute complications of diabetes in the previous year. The PDSMS scores of male and female subjects were 25.7 ± 4.1 and 25.8 ± 4.6, respectively. The demographic and laboratory data between male and female patients did not demonstrate any significant differences by Mann-Whitney U test (Table 1) . Also, there was no significant educational difference between male and female patients using the Pearson χ 2 test (p = 0.601).
In Pearson correlation analysis, age and duration of diabetes were not associated with HbA1c level. There was a positive correlation between age and duration of diabetes (r = 0.388, p < 0.01). and preprandial blood sugar level (r = 0.297, p < 0.05). The PDSMS scores showed a negative correlation with duration of diabetes (r = −0.365, p < 0.01). The PDSMS scores were not correlated significantly with preprandial blood sugar level, triglyceride level and BMI, but they were negatively correlated with HbA1c level (r = −0.295, p < 0.05) ( Table 2 ). The scatter plot between HbA1c level and PDSMS scores is illustrated in the Figure. Univariate logistic regression analysis demonstrated that higher PDSMS scores and male sex significantly predicted reaching the target HbA1c level. The OR for PDSMS scores and male sex were 1.32 (95% CI = 1.04-1.66) and 6.15 (95% CI = 1.06-35.84), respectively (Table 3) . In multivariate logistic regression analysis, patients with higher PDSMS scores were 1.63 times (95% CI = 1.03-2.59) more likely to reach target diabetes control after adjustment for age, sex and duration of diabetes when compared with those with lower PDSMS scores. Male subjects also had a higher probability (OR = 19.80, 95% CI = 1.34-291.93) of reaching the target diabetes control after controlling for age, duration of diabetes, and PDSMS scores (Table 4) .
Discussion
To the best of our knowledge, this is the first study in Taiwan to explore the relationship between self-efficacy and target HbA1c level in adolescents with type 1 DM. Our results were compatible with other studies that have shown that high self-efficacy is related to good metabolic control. 20, 21 Considering the suffering of long-term complications caused by poorly controlled diabetes, our study sheds light on a possible strategy to improve quality of care. There are no universally adopted criteria for the age limit of adolescents. Participants in our study ranged from 12 to 20 years of age, which was similar to the definition of the American Society for Adolescent Medicine (13-21 years of age). During this period in Taiwan, adolescents are attending high school and up to the first 2 years of college. For adolescents with type 1 DM, it is necessary to shift gradually the tasks of insulin injection and blood sugar monitoring from their parents to themselves. Their adaptation to this change might play a crucial role in their long-term well-being and living with chronic disease. Thus, it is important to study the drive to achieve good metabolic control at this important period of adolescence.
With regard to our correlation analysis, age correlated well with duration of diabetes. HbA1c level did not correlate significantly with age or duration of diabetes, and this agreed with other studies. 22, 23 PDSMS scores showed a negative correlation with duration of diabetes in our study, which implied worse self-efficacy after fighting diabetes for many years. However, by multivariate logistic regression, PDSMS scores, but not duration of diabetes, were shown to be important in reaching target HbA1c level. The association between PDSMS scores and duration of diabetes was not statistically significant in the study of Wallston et al, 15 which might have been caused by the mixture of type 1 (n = 57; 14.3%) and type 2 (n = 341; 85.7%) diabetic patients. Regarding blood sugar, Wallston et al used average blood glucose meter readings (a subset of 164 patients) in contrast to our single preprandial blood glucose test. Considering the daily fluctuation of blood glucose, PDSMS scores were correlated with blood sugar level in the study of Wallston et al (r = −0.32, p < 0.001) but not in our study. Most importantly, PDSMS scores showed a negative correlation with HbA1c level in both studies, which demonstrated that better self-efficacy (higher PDSMS scores) was indeed associated with better glycemic control (lower HbA1c level). Many studies have focused on the relationship between self-efficacy and metabolic control of type 1 DM. Grossman et al studied self-efficacy in a sample of 68 adolescents with type 1 DM and a mean age of around 13 years. They found that girls had a significant positive correlation between their self-efficacy and glycemic control, but boys did not. 20 Littlefield et al also claimed that self-efficacy was the best predictor of adherence behavior in 193 adolescents with type 1 DM. 21 However, controversy surrounds this issue. Rapley argued that after adjustment for age, sex and types of diabetes, the best predictors of metabolic control for type 1 DM were hardiness and psychosocial adjustment. 24 In contrast, self-efficacy and coping skills were not regarded as significant predictors in that study. Glasgow surveyed 93 type 1 DM patients in a predominantly adult community, and found no clear relationship between adherence and blood sugar control. 25 In Taiwan 8 The influence of self-efficacy in reaching target HbA1c level was confirmed in our multivariate logistic regression. To summarize, our study further supports the importance of self-efficacy in achieving target blood sugar control among type 1 DM adolescents. Interestingly, boys had a greater probability of reaching target diabetes control than girls. In our demographic data (Table 1) , boys had lower average HbA1c levels than girls had (p = 0.06 by Mann-Whitney U test). Higher HbA1c level has also been associated with girls with type 1 DM from Asia and the Western Pacific regions. 27 However, due to the wide range of 95% CI (1.34-291.93) in our study, more studies with a larger sample size are needed to confirm if lower HbA1c level in male subjects is related to greater success in metabolic control. Longitudinal studies are also needed to observe the role that complications play in maintaining self-efficacy. Many personal behavioral factors, such as self-efficacy, behavioral intentions, and coping skills, are involved in adaptation to type 1 DM. 14 Grey et al proposed a stress-adaptation model to explain the adjustment to chronic disease in adolescents. In this model, pre-existing factors including age, sex and diabetes, along with individual differences including coping skills, family support, and self-efficacy, result in different levels of HbA1c control. 28 Johnston-Brooks further proposed that self-efficacy influences HbA1c level in adolescents with type 1 DM through the mechanism of self-care. 29 The problems of self-care 30 and non-adherence 31 are prevalent among Taiwanese children and adolescents with type 1 DM; therefore, it is important to provide them with adequate guidance. Medical personnel can design educational activities to enhance self-efficacy in patients with poor self-care and consequently poor diabetic control. Some limitations in our study should be addressed. First, the sample size was limited (52 subjects), and all the subjects came from only one medical center. This might limit the generalizability of the result. Second, validation of our Chinese translation of PDSMS depended on expert validity only. Cultural differences might have affected the wording of the PDSMS items, and caused inaccurate responses. Third, this study was crosssectional; therefore, we cannot be sure about the cause-effect relationship between self-efficacy and successful blood sugar control. Nevertheless, this study still gave us an opportunity to investigate the current confidence level of self-management among Taiwanese adolescents with type 1 DM.
In conclusion, this study discloses that adolescents with type 1 DM have a greater opportunity to reach target blood sugar levels if they have higher self-efficacy, although sex also seems to play a role. Our study suggests that, for reaching target diabetes control to minimize long-term complications, we should improve self-efficacy in adolescents with type 1 DM.
